Introduction
With the increasing prevalence of cancer in human beings and the increasing use of methods such as chemotherapy and radiation therapy, the number of patients suffering from fertility complications is increasing nowadays [1, 2] . One of the major challenges facing fertility is the toxic treatment on the reproductive function that enhances infertility development among cancer patients [3] . Although the first choice to preserve fertility among these patients is to store mature sperm, this method is only applied to adult males. In prepubescence, boy children may encounter loss or destruction of testicular stem cells.
In the recent studies, the experimental fertility reestablishment strategies for these children have been evaluated: autologous grafting of testicular tissue, spermatogonial stem cells (SSCs) transplantation, and in vitro spermatogenesis [4, 5] . During in vitro spermatogenesis, isolated SSCs from testicular tissue will be used and sperm production can be induced [6] . Therefore, the proliferation of SSCs in the culture systems can provide a valuable source of germ cells for subsequent applications such as freezing, transplantation, genetic manipulation and in vitro differentiation [7, 8] .
Since the SSCs in the harvested fragments of the testes are rare, in vitro culture of these cells can multiply them for use in the treatment and then increase the successful transplantations. To date, various types of SSCs culture systems have been evaluated in a variety of media and their results have been reported [7, 9] . Freezing is one of the best main procedures for male fertility preservation [10] .
Objective: To evaluate the antioxidant effect of quercetin on cell viability, reactive oxygen species (ROS) contents and apoptosis of cryopreserved mouse spermatogonial stem cells (mSSCs). Methods: mSSCs were isolated from neonate mice and cultivated in culture medium containing 30 µM quercetin for 48 h and then frozen for 2 weeks. After thawing, MTT assay was carried out to analyze the cell viability. Moreover, intracellular ROS levels were measured by flow cytometery and apoptosis was evaluated by detection of phosphatidylserine externalization assay and also real-time polymerase chain reaction.
In spite of the usefulness of this method, it has been established that cryopreservation can induce the formation of reactive oxygen species (ROS) in the cells. Accordingly, ROS production promotes the damage in biological molecules such as proteins, lipids and DNA [11] . To hamper oxidative stress in cells, the presence of antioxidants is essential for the organism. Oxidation of antioxidants can eliminate free radicals and prevent oxidative damage [12, 13] . It is reported that quercetin acts as an anti-inflammatory, anti-apoptotic, anti-oxidant and anti-cancer agent [14] [15] [16] . Considering the antioxidant properties of quercetin and the necessity of SSCs cryopreservation to fertility restoration approaches in pre-pubertal cancerous boys, here, we assessed the antioxidant effects of quercetin pre-treatment on survival, ROS production, apoptosis and apoptotic genes expression of mouse SSCs (mSSCs) during the freeze-thawing process. 
Materials and methods

Animals
Isolation and enrichment of mSSCs
An enzymatic method was applied to isolate mSSCs according to the previous study [17] . Briefly, testes of neonate mice were collected and washed in phosphate-buffered saline (Sigma, Steinheim, Germany). Then, the tunica albuginea was removed and isolated testes tissues were transferred to enzymatic medium containing type 桇 collagenase (1 mg/mL; Sigma, Germany), deoxyribonuclease 栺 (10 ug/mL; Sigma), hyaluronidase (0.5 mg/mL; Sigma, Germany) in minimum essential medium alpha (MEM-毩 ) (Sigma, Germany) and incubated for 15 min at 37 曟 and 5% CO 2 . Pipetting was done every 5 min. Later, the samples were centrifuged for 5 min at 1 500 g. In the second stage of enzymatic digestion, the resulting cells were plated and incubated in the fresh enzyme solution mentioned above for 20 min at 37 曟 and 5% CO 2 . Then, the digested cells were centrifuged and washed with phosphate-buffered saline again. mSSCs were enriched using differential plating method described in the previous study [17] .
mSSCs culture
The isolated mSSCs were cultured for 2 weeks in MEM-毩 medium containing 10% fetal bovine serum (FBS), 1伊×nonessential amino acids (Invitrogen, USA), 0.1 mM 2-mercaptoethanol (Sigma Germany), 10 3 U/mL human recombinant leukemia inhibitory factor (B&D, USA), 10 ng/mL glial cell line-derived neurotrophic factor (Sigma, Germany), 100 U/mL penicillin (Sigma, Germany), and 100 µg/mL streptomycin (Sigma, Germany).
Pre-treatment with quercetin before cryopreservation
In order to obtain the best concentration of quercetin, mSSCs were treated with culture medium containing different concentrations of quercetin (0, 10, 20, 30, 40 and 50 µM) for 48 h. Then, methyl thiazol tetrazolium (MTT) assay was carried out to assess the cell viability. After determination of optimum dose of quercetin, mSSCs were cultivated for 2 weeks, then the cells were cultured for additional 48 h as 2 groups: control group without quercetin and experimental group with an optimum dose of quercetin as pretreatment before freezing.
Detection of phosphatidylserine (PS) externalization
In the primary phases of apoptosis, PS was relocated to the outer surface of the plasma membrane from its inner surface. This initial index of apoptotic cells can be identified by conjugated fluorescence color to the annexin-桋 protein, with a high degree of PS binding.
For detection of PS externalization, PS detection kit (IQ Products, Netherland) was used according to the manufacturer's protocol.
In summary, 10 6 cells were washed with 500 µL of binding buffer. 
Real-time polymerase chain reaction (PCR)
After cryopreservation, the expression levels of Bax and Bcl-2 genes were evaluated by real-time PCR. Total RNA was extracted . Table 1 Primers sequence used for real-time PCR analysis.
Gene name Sequence
Bcl2
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
Statistical analysis
The data were representative of at least triplicate experiments.
The data were analyzed by one-way analysis of variance, expressed as mean ± standard error of mean (mean ± SEM) and statistical significance was considered when P<0.05.
Results
Evaluating cytotoxic effects of quercetin on mSSCs
The 
Effect of quercetin on viability of frozen-thawed mSSCs
Quercetin decreased the mortality of mSSCs induced by 35.30±4.30, P<0.001) (Figure 2 ). 
Flow cytometry analysis of PS externalization
Discussion
In this study, we developed a new approach against oxidative stress which was produced during mSSCs cryopreservation procedure.
We observed that viability of mSSCs after freeze-thawing process Finally, we should note that although semen cryopreservation is a routine strategy in adult men, yet this is not applicable in prepubertal boys that are undergoing chemotherapy and radiotherapy treatments. So SSCs preservation either in form of a cell suspension or tissue biopsies is a technique for fertility preservation in these patients. It is well established that cryopreservation protocols can result in oxidative stress and subsequently damages to different cell macromolecules such as proteins, lipids and DNA. Thus, antioxidant supplementation is a strategy against increased levels of ROS and other oxidative agents which can be used for improving the efficiency of cryopreservation procedures. Our results suggest that quercetin can increase the antioxidant potential of mSSCs for facing to high production of oxidative species during cryopreservation and so our approach can be a promising strategy to improve fertility preservation techniques.
